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MOLECULAR AND CRYSTAL STRUCTURE OF 1-METHYL-
MORPHOLINIUM 6-METHYL-4-PHENYL-3-CYANO-5-ETHOXY-
CARBONYL-1,4-DIHYDRO-2-PYRIDINESELENOLATE

V. N. Nesterov and V. D. Dyachenko

The structure of 1-methylmorpholinium 6-methyi-4-phenyl-3-cyano-5-ethoxycarbonyl-1,4-dihydro-2-pyridine-
selenolate was studied using x-ray diffraction analysis. It was found that the 1,4-dihydropyridine ring has a
boat conformation, and the plane of the pseudoaxial phenyl substituent is perpendicular to the bottom of this
boat. In the anion, the C—Se bond length, which is 1.882(2) A, indicates that the negative charge is formally
located on the Se atom. The anions and cations of the salt in the crystal are linked by intermolecular hydrogen
bonds.

Continuing the study of the structure of salts of chalcogen-containing azines [1-3], we have for the first time carried
out an x-ray diffraction study of 1-methylmorpholinium 6-methyl-4-phenyl-3-cyano-5S-ethoxycarbonyl-1,4-dihydro-2-pyri-
dineselenolate (I). Figure 1 shows the general form of the anion and cation of salt I, and the bond angles and valence angles
are given in Tables 1 and 2.

According to the data of the Cambridge Crystallographic Database [4] (including June, 1997), the literature lacks data
on the structure of selenium-containing azinium salts. In the anion of the investigated salt, the 1,4-dihydropyridine ring has
a flattened-boat conformation: the Ny, and C4y atoms protrude from the plane of the remaining four atoms of the ring (the
plane is true to +0.025 A) by 0.133 A and 0.311 A, respectively; this corresponds to a bending of the heterocycle along the
C(y)"Cig) line by 11.7°, C5)--Cys) by 20.7°, and N;y*-C(4) by 20.0°. Earlier, we observed a similar conformation of the
1,4-dihydropyridine ring in thiolates [1-3]. The pseudoaxial pheny! substituent is practically perpendicular to the bottom of the
heterocycle boat: the dihedral angle between them is 89.2°.

Earlier, in a study of thiolates, we assumed that the negative charge is formally located on the S atom [1-3]. Similarly,
in the anion of salt I, the negative charge is also formally on the Se atom, as indicated by the C,—Se bond length (1.882(2)
A), which appreciably exceeds the length of tlhie conjugated double bond C=Se (1.80(1) A) in substituted pyridine-2-(1H)-
selenone [5] and 1-'memylpyridine-Z-selenone (1.834(5) A) [6], but is appreciably shorter than the Cspz—Se single bond
(1.902(9)-1.921(4) A) in substituted 2-allylselenopyridines [7, 8]. The indicated localization of charge is also confirmed by the
fact that alkylation of selenolates takes place strictly at the selenium atom [9]. The N-methylmorpholinium cation has a regular
chair conformation with an equatorial orientation of the methyl group. In the virtually planar fragment
Se—-C=C3—Cun=Np) conjugation causes an appreciable redistribution of the bond lengths (Table 1) in comparison to
the standard values. In the virtually planar fragment C(6)=C(5)—C(8)=0(1) (the torsional angle C(5), C(5), C(s), 0(1) is 16.9°),
conjugation also causes a certain redistribution of the bond lengths in comparison to the standard values [10]. The observed
orientation of the carbonyl group leads to a reduced nonvalence contact C(7)—Hyy +*Oyy), which according to [11] can be
regarded as an intramolecular hydrogen bond of the type C—H:--O with the parameters C(7y'--O(yy 2.882(3), C(7y—H7y)
0.91(2), He71y-+0(y) 2.28(2) A, angle Cn—Heay Oy 123(2)°.

In the crystal, the intermolecular hydrogen bond N(3)—H(3)---Se(x —1,y,2) (N(3)~-~Se 3.305(3), N(3)—H(3) 0.91(2),
Hgsy --Se 2.40(2) A), angle N(3)—Hsy -Se 175(2)°) links the cations and anions of salt I. The weaker intermolecular H bond
Nay—Hqy -Se(1, —x, =y, —z) (N(yy--Se 3.718(3), N(jy—H(;) 0.86(2), Hy)---Se 2.90(2) A, angle N(jy—H;y---Se 158(2)°)
links the anions into centrosymmetric dimers (Fig. 2).
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TABLE 1. Bond Lengths (d) in the Molecule of Compound I

Bond 4, A Bond d, A
Se—C(2) 1,882(2) Cy—Cay 1,522(3)
om—Cs) 1,212(3) C)—Cs) 1,523(3)
0@)—C®) 1,344(3) Ci—Cis) 1,354(3)
02)—C¢s) 1,453(3) Ci5—Cea) 1,478(3)
03)—Cus) 1,421(4) C)—Cn 1,498(3)
03—Cpn 1,424(3) C—C0) 1,499(4)
N—Cq2) 1,380(3) Cu1y—Cqe) 1,384(3)
Nq)—Cs) 1,392(3) Can—Cua) 1,396(3)
N@)—Carn L15S1(3) Ca2)—C13) 1,379(4)
N@3)—C22) 1,486(3) Ca3)—Cas) 1,362(5)
N3)—Cq20) 1,492(3) Cae—Cas) 1,387(4H)
N@)—Ca9) 1,501(3) Cas)—Cue) 1,375(4)
C2)—C3) 1,368(3) Cas)—Cays) 1,493(4)
C»—Can 1,416(3) C0)—C) 1,497(4)
Ca—Ca) 1,531(3)

TABLE 2. Valence Angles w in the Molecule of Compound I

Angle @ (deg.) Angle w (deg)
14

C3)—0@2)—C9) 116,5(2) C(5—C6)—Cmn 126,9(2)
Cas)—03)—Cp) 109,2(2) N@)—C)—Cn 113,2(2)
C2)—~Nq)—Cqe) 123,3(2) 0)—C3)—0(2) 122,1(2)
C(22)—N(3—C20) 112,2(2) 0)—Cs—C5) 126,6(2)
C2)—N@3)—Ca9) 111,142) 0@2—Ce)—C5) 111,3(2)
C20)—N3)—C19) 110,2(2) 02)—C9)—Cao) 106,8(2)
C3)—C2)—Nq) 117,6(2) Caey—Can—Cqz) 117,3(2)
C@3—C2)—Se 126,4(2) Cis)—Can—C4) 121,7(2)
N@)—C2)—Se 116,1(1) Cu—Cay—Ci) 120,8(2)
Ca—C3—Cun 121,7(2) Cuy—Cu2y—Cqy) 120,9(3)
C2)—C3)—C4) 122,1(2) Cue)—Cu3—C2) 121,0(3)
Cun—C)—Ca) 116,1(2) Ca3)—Cna—Cays) 119,0(3)
Can—C)—Cs) 113,2(2) Cae—Cus—Cae 120,4(3)
Cuy—C@w—Ce) 109,2(2) Cas)—Cus)—Cy) 121,4(2)
C(5—C(a)—C3) 109,5(2) N@2)—Cun—C3) 173,8(2)
Ci6)—C(5y—Ces) 121,7(2) 0(3)—Csy—Cq) 111,4(2)
C6)—C(55—C(4) 120,9(2) Cue)—Ca9—Ne@) 110,5(2)
Cg)—C(5—Ca) 117,3(2) N@)—C20—C21) 110,8(2)
C(5—C6)—Nq) 119,9(2) 03)—C21)—C(20) 111,2(2)

EXPERIMENTAL

Salt I was obtained and characterized in [9].

X-Ray Diffraction Analysis of 1-Methylmorpholinium 6-Methyl-4-phenyl-3-cyano-5-ethoxycarbonyl-1,4-dihydro-
2-pyridineselenolate (I). C,;H,,N;05Se. Crystals of compound I are triclinic, at 20°C: a = 9.311(1), b = 11.550(2), ¢ =
11.656(2) A, o = 93.39(1), B = 110.69(1), v = 109.09(1)°, V = 1086.3(3) A3, d 5 = 1.371 g/em?, Z = 2, space group
P-1. The unit cell parameters and intensities of 6109 independent reflections were measured on a Siemens P3/PC four-circle
automatic diffractometer (\MoKe, graphite monochromator, /26, scanning to 8, = 27°). The structure was solved by using
the direct method technique, which revealed all atoms except hydrogen, and was refined by means of full-matrix least-squares
analysis using anisotropic parameters for all atoms except hydrogen. All the hydrogen atoms were objectively revealed in a
different Fourier map and refined isotropically. The final values of the agreement factors were Ry = 0.039 using 4607
independent reflections with I > 20(J) and R, = 0.089 using 5348 independent reflections. All the calculations were carried
out using the SHELXTL PLUS and SHELXL-93 programs (PC version). The coordinates and isotropic (for nonhydrogen
atoms — equivalent) thermal parameters of the atoms are listed in Table 3.
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TABLE 3. Coordinates (X 10%) and Isotropic (for certain atoms, equivalent) Thermal

Parameters of Atoms in the Molecule of Compound I

Atom x y z Uteq)

1 2 3 4 5
Se 4797(1) 1987(1) -6(1) 41(1)
o) 106(2) -1935(2) 2742(2) 56(1)
0O@2) -384(2) -179(1) 2948(2) 46(1)
O(3) -139(2) 3879(2) 3692(2) 64(1)
Nu) 3302(2) 47(2) 995(2) 42(1)
N@) 2738(3) 4029(2) 1246(3) 61(1)
N@3) -2648(2) 4606(2) 2038(2) 40(1)
Ce) 3532(2) 1276(2) 905(2) 34(1)
Ca) 2825(2) 1857(2) 1476(2) k3183
Ce) 2109(2) 1290(2) 2401(2) 35D
Ces) 1557(2) -127(2) 2104(2) 36(1)
C) 2185(3) -680(2) 1449(2) 38(1)
Cmn 1775(4) -2053(2) 1100(3) 53(1)
Cs) 373(3) -863(2) -2606(2) 39
C9) -1630(3) -816(2) 3412(3) 46(1)
C(10) ~2409(4) 86(3) 3608(4) 63(1)
Can 3386¢3) 1874(2) 3729(2) 36(1)
Cu2 3352(4) 2889(3) 4418¢3) S9(1)
Cy 4587(5 3489(3) 5578(3) 75(1)
Cua) 5859(4) 3095¢(3) 6096(3) 61(1)
Cqs) 5900(3) 2074(3) 5437(3) 54(1)
Cus) 4683(3) 1481(2) 4272(2) 45(1)
Can 2821(3) 3061(2) 1312(2) 41(1)
Caus) -330(4) 3893(3) 2430(3) 64(1)
Cq9) -1018(3) 4845(3) 1934(3) 55(1)
C(20) -2493(3) 4470(3) 3337(2) 48(1)
Cen -1720(4) 3536(3) 3757(3) 60(1)
Cq22) -3293(4) 5595(3) 1627(4) 60(1)
Hq) 3692(34) -320(26) 580(26) SI(D
H() -3378(34) 3868(27) 1515(25) 53(D
H4) 113527 1497(20) 2304(20) 31(5)
Hmy 1091(56) -2589(43) 1399(42) 116(15)
H(72) 1227(71) -2390(54) 286(57 160(22)
H73) 2589(68) -2295(50) 1222(50) 143(20)
Ho) -1089(32) -1090(25) 4177(25) 48(7)
H(92) -2360(36) -1565(29) 2783(27) 59(8)
Hqoy) -3171(47) -242(35) 4001 (34) 90(11)
H(102) ~3070(45) 261(35) 2677(38) 92(11)
Hq103) ~1587(45) 799(36) 4150(33) 80(11)
Hay) 2478(41) 3134(31) 4106(30) 74(10)
Hqs) 4584(45) 4147(37) 5988(35) 91(11)
Hq) 6628(39) 3466(30) 6902(31) 68(9)
H(1s) 6756(42) 1758(32) 5765(31) 78(10)
Hqs) 4645(37) 792(30) 3812(28) 66(9)
H(is1) -1046(35) 3065(28) 1966(26) S2(
H1s2) 743(45) 4123(33) 2504(32) 82(10)
Hqo1) -307(3D 5661(29) 2423(28) 60(8)
H192) -1191(35) 4821(27) 1077(28) 58(8)
Hq202) -3616(36) 4234(27) 3335(26) 58(8)
Hty ~-2409(38) 2793(30) 3232(29) 61(9)
He12) -1485(42) 3540(33) 4663(35) 82(10)
H(221) -3316(41) 5636(32) 802(34) 75(10)
H222 -2540(41) 6337(33) 2129(31) 72(9)
Hy223) -4338(43) 5449(31) 1669(30) 71(9
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Fig. 2. Projection ac of the crystal structure of sait I. Dashed lines represent
N —H---Se intermolecular hydrogen bonds.
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